The water cushion depth of stilling basin with shallow-water cushion is a key factor that 13 affects the flow regime of hydraulic jump in the basin. However, the specific depth at which the 14 water cushion is considered as "shallow" has not be stated clearly for now, and only conceptual 15 description is provided. This paper attempts to specify the best water cushion depth based on the 
Test model

95
The test device is composed of several sections including the inflow discharge chute section,
96
baffle as well as the section of stilling basin with shallow-water cushion and tail water section (as 97 shown in Fig. 1 ). The discharge chute section and all downstream parts are with rectangular cross 98 section, with the width of 30cm. The radial gate is used upstream of the model. The discharge volume 99 is controlled by different water levels in the water tank. The gate opening is 10cm in all occasions.
100
The discharge chute section is with the length of 363cm. The slope used in this study is fixed to 17°.
101
The stilling basin section is with the length of 120cm. The tail water section is with the length of 102 300cm. At downstream, the water level will not be controlled, free discharge is applied. The flow 103 profile is measured by the grid method. Criss-cross coordinate grid (Fig. 2) is provided on the side 104 wall. The flow velocity is measured by the LS300-A type current meter. 
115
Take the inlet and terminal of the chute section as the control sections 1-1 and 2-2 respectively,
116
and take the elevation at the terminal of the discharge chute as the reference elevation, so as to 
121
And the continuity equation is expressed as the Equation (2), where, the subscripts 1 and represents the inlet location of the discharge chute and the terminal location of the discharge chute respectively; Z represents the height from the control section to the reference elevation; represents the kinetic energy correction factor; V represents the flow velocity;
represents the local head loss coefficient of the inlet; represents the frictional head loss 127 coefficient; R represents the hydraulic radius; h represents the depth of water at the inlet of discharge 128 chute; B represents the width of the discharge chute; the Froude number at the terminal of the 129 discharge chute can be obtained by the simultaneous equations (1) and (2), which is also the Froude
130
number at the stilling basin inlet (according to the flow regime, the above two Froude numbers are
131
with little difference; for simplification, they are not distinguished).
132
( )
Where, m=L/h, L represents the length of the discharge chute, h represents the depth of water at the 134 discharge chute inlet, and represents the inclination of the discharge chute.
135
The Equation (3) can be simplified to ; where, V is an independent variable, m
136
and are parameters; in the test, B=0.3m, h=0.1m, 1
.020047。
138
In order to select representative operating conditions to be used in the test, the following method 139 is used to determine the Froude number at the stilling basin inlet:
140
Step 1: according to the model dimension, turn the Equation (3) into the Equation ( 
143
The relation between flow velocity at the discharge chute inlet and the Froude number at stilling 144 basin inlet at different (the inclination of discharge chute) can be obtained based on the Equation
145
(4), as shown in Fig. 3 . 3.5 and 2.6 respectively.
161
Step 2: select the inclination of the discharge chute, and then obtain the relation between the flow 
178
As shown in Fig. 5 , the velocity corresponding to the inflection point increases as the ratio 179 increases; however, the ratio is with a certain limit, and the curve is infinitely close to: m=65.476 (see 
Where, the value with "-" represents the large-scale value obtained after filtering,; ρ represents 
The Smagorinsky-Lilly model is used to calculate the sub-grid turbulent viscosity coefficient: 
229
(2) Boundary conditions
230
The boundary condition of the inlet of the chute is set as velocity inlet condition which can be 231 determined according to the relationship between inlet velocity and inlet Froude number of stilling 232 basin discussed in section 1.2. Free discharge [29] is applied at the outlet boundary. The viscous
233
sublayer of the near wall is treated by the wall function method. Non-slip condition is applied on the 234 fixed wall.
235
Verification of mathematical model
236
The test results are selected to compare with the calculation results of the large eddy simulation.
237
The flow velocity at the discharge chute inlet is 0.5m/s, 1m/s and 6.5m/s respectively. The depth of 238 the stilling basin with shallow-water cushion is 20cm, 15cm and 25cm respectively.
239
(1) Flow regime comparison (Fig. 9 ) which verifies the reliability of large eddy simulation again. which are presented in Fig. 10 . In case that the water cushion depth is 0cm, there is no hydraulic jump 278 along downstream the discharge chute. In case that the water cushion depth is 5cm, the water surface 279 in the stilling basin is flat, and no hydraulic jump occurs. In case that the water cushion depth is 10cm,
280
there is fluctuation in water in the stilling basin, and hydraulic jump in far-forth driving form occurs.
281
In case that the water cushion depth is 15cm, there is an intense fluctuation of water body in the 282 stilling basin, and critical hydraulic jump occurs. When the water cushion depth is 20cm or 25cm, the 283 stilling basin is occupied by a large water body, and submerged type hydraulic jump occurs.
284
Therefore, in terms of flow regime, relatively perfect hydraulic jump occurs in the stilling basin when θ θ 
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